Background: Few studies have examined the relationship between inpatient bed rest and functional outcomes. We examined how immobility is associated with function and mortality in patients with hip fracture.
Results: Patients with hip fracture experienced an average of 5.2 days of immobility. Compared with patients with a longer duration of immobility (ie, at the 90th percentile) in adjusted analyses, patients at the 10th percentile of immobility had lower 6-month mortality (−5.4%; 95% confidence interval [CI], −10.9% to −1.0%) and better Functional Independence Measure score for locomotion (0.99 points; 95% CI, 0.3 to 1.7 points, with higher values indicating better function), but there was no significant difference in locomotion by 6 months (0.58 points; 95% CI, −0.3 to 1.4 points). The adverse association of immobility was strongest in patients using personal assistance or supervision with locomotion at baseline (difference in 6-month mortality between the 90th and 10th percentile of immobility was −17.1% [P=.004] for this group and only 1.2% [P=.38] for patients independent in locomotion at baseline).
Conclusion:
In patients with hip fracture, delay in getting the patient out of bed is associated with poor function at 2 months and worsened 6-month survival. Med. 2006; 166:766-771 G ETTING THE HOSPITALized older patient out of bed is frequently part of the treatment plan but is often just one of many priorities for the hospital staff. Hospitalization and bed rest have been shown to have deleterious effects on muscle, volume status, respiratory function, urinary tract, and skin integrity. [1] [2] [3] [4] However, some of these effects have been extrapolated from studies of other populations (eg, healthy volunteers), and effects have typically been shown for intermediate outcomes (eg, muscle strength). There have been recent reports that self-reported bed rest is associated with declines in function in community-dwelling older persons, 5, 6 but few studies 7 have examined the relationship between inpatient bed rest and health outcomes.
Arch Intern
In the present study, we examined the effects of immobility in older hospitalized patients following hip fracture. These patients experience immobility from delay awaiting surgery; pain; surgery, anesthesia, and their postoperative effects; complications; and treatments that impede mobilization. We used a prospective cohort of patients with hip fracture to examine (1) how the duration of immobility affects functional outcomes, (2) how the duration of immobility affects mortality, and (3) how specific, potentially modifiable care processes affect the total duration of immobility.
METHODS
Consecutive admissions to 4 hospitals were screened for cases of hip fracture for a 12-month period in 1997-1998. Exclusion criteria included patient age younger than 50 years, fractures that occurred as an inpatient, transfers from another hospital, multiple trauma, pathologic fractures, femoral shaft fractures, bilateral hip fractures, or previous fracture or surgery on the currently fractured hip. Approval was obtained from hospital institutional review boards. Informed consent was obtained from subjects. A total of 804 patients presented with hip fracture. Of these patients, 650 (80.8%) met eligi-bility criteria, and 571 (87.8%) of those patients gave informed consent for the study. Additional information on the study has been previously reported. 8 This analysis focused on the patients who were not completely dependent in walking and who were treated with surgery (n=532).
We collected information on the time of immobility, reasons that might explain the length of immobility (patient characteristics, unstable clinical problems on admission, fracture characteristics, type of surgery, delirium, and complications), 9, 10 and outcomes. Trained research associates enrolled patients and collected information on prefracture function, residential location, and history of dementia from patients or their proxies. Information on each patient's functional status for the 2 weeks prior to fracture was obtained by interview using items from the motor scale of the Functional Independence Measure (FIM), which includes 3 subscales of physical functioning: (1) locomotion (a 2-item subscale focusing on walking and climbing stairs), (2) self-care (a 6-item subscale of self-care activities including bathing and dressing), and (3) transferring (a 3-item subscale focusing on transfers from the bed, toilet, and tub). Each item was scored between 1 (for complete dependence) and 7 (for complete independence) using specific criteria. Use of long-term care services was categorized as either admission from a nursing home, paid help required to care for the patient at home, and all others.
Each patient was seen 5 days per week in the hospital, and the medical record was reviewed to collect additional information on the hospital course. We collected information during hospital visits on hospital arrival time, date and time of surgery, patient mobility by day, patient ratings of pain, the presence of an indwelling urinary catheter, and the occurrence of complications.
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For mobility, the research associates determined from medical records and discussions with staff whether the patient had been at bed rest only, out of bed to chair, or out of bed beyond a chair. Information on mobility was only obtained through the first 20 postoperative days or discharge, whichever occurred first. For those who were still in the hospital beyond 20 postoperative days (n=16), we also collected information on mobility on the day of discharge. We defined the total days of immobility as the sum of the time from arrival to surgery plus postoperative days to getting the patient out of bed beyond a chair. For patients who were discharged after their 20th postoperative day and had not been mobilized beyond a chair by that point (n=8), we assumed that they were not mobile beyond a chair from postoperative day 21 until discharge. In our main analyses, we made the conservative assumption that patients who had not been mobilized beyond the chair by discharge were mobilized by the next day. We tested whether our results were sensitive to these assumptions by repeating the analyses assuming that these patients were not mobilized until 3 days after discharge.
To supplement information collected at enrollment and on daily visits, the medical record was reviewed at discharge. Information was collected on chronic medical conditions, fracture characteristics, type of procedure, type of anesthesia, and transfusions. Information was also collected on abnormal clinical findings (eg, abnormal electrolytes) that are commonly available and used by clinicians to decide whether to delay surgery. 10 From the combination of interview and medical record data available to the authors, we identified 4 potentially modifiable care processes (pain management, type of anesthesia, postoperative transfusion, and indwelling urinary catheters) that could potentially affect the duration of immobility.
All patients were followed up, and the FIM and mortality was obtained by telephone at 2 and 6 months. Additional deaths were identified from hospital records, interviews with family or friends, and public records (death certificates). Information on function was available for 79.7% of subjects at 6 months, and 13.5% had died.
We examined the association of the total days of immobility (time from admission to getting out of bed beyond a chair) with the following outcomes: (1) mortality at 6 months; (2) FIM locomotion at 2 and 6 months; (3) FIM self-care at 2 and 6 months; and (4) FIM transferring at 2 and 6 months. To control for other factors that might affect outcomes, we used logistic regression for mortality and ordinary least squares regression for other outcomes. The duration of immobility, our primary variable of interest, was highly skewed. We selected a natural logarithmic transformation to normalize the distribution. The analyses controlled for age, sex, prefracture FIM locomotion, prefracture nursing home residence, reliance on paid help from others if not in a nursing home prior to fracture, dementia diagnosis (from the medical record or patient or proxy report), and RAND comorbidity. 8 We used the prefracture FIM locomotion variable in these models because the 3 FIM measures were highly correlated (correlation, 0.75-0.89). In addition, we controlled for abnormal clinical findings on admission (which might lead to delay in surgery), fracture characteristics (which might lead to delay in weight bearing and mobilization), and hospital. To facilitate interpretation of the regression coefficients, we used the regressions to compute predicted values for each of the dependent variables using values for the duration of immobility set at the 10th, 50th, and 90th percentiles, while holding all other variables constant at their weighted means.
The FIM analyses were restricted to survivors, and we assumed that those lost to follow-up were alive for all analyses. The major regression results did not change if we made alternative best-or worst-case assumptions about subjects lost to follow-up. To test the sensitivity of our results to alternative specifications of our analysis, we repeated our analyses by excluding patients with immobility greater than the 90th percentile of immobility and patients who developed delirium or major complications. In addition, we repeated our analyses of mortality using Cox proportional hazards regression. Because similar results were obtained in the Cox model, we present the logistic regression results for mortality.
RESULTS
Most subjects were women (82.0%), and the median age was 83 years. Only 10.5% resided in nursing homes at baseline, and 28.2% reported dementia ( Table 1) . The mean±SD number of hours from hospital arrival to surgery was 40.8±48.6 (interquartile range, 20.5-45.4). By postoperative day 1, 201 subjects (37.9%) were mobilized to a chair and 174 (32.8%) were mobilized beyond a chair. By postoperative day 2, 50.3% were mobilized beyond a chair. Taking preoperative and postoperative immobility together, the mean±total number of days of immobility was 5.2±5.9 (interquartile range, 2.7-5.8; skewness, 6.4).
Duration from arrival to surgery was associated with baseline locomotion, comorbidity, abnormal clinical findings on admission, and hospital site (Table 1) . Postoperative immobility and total immobility were associated with baseline locomotion, comorbidity, and abnormal clinical findings on admission and also with baseline living situation, dementia, locomotion, and fracture characteristics.
Of the patients, 19.7% reported having 3 or more days of moderate or severe pain, 41.2% received general anesthesia, and 53.9% received postoperative transfusions; 22.5% did not have their indwelling urinary catheter removed by postoperative day 3. The total duration of immobility was associated with increased pain, general anesthesia, having blood transfusions, and the presence of an indwelling urinary catheter beyond postoperative day 3. Controlling for baseline characteristics, pain, general anesthesia, transfusion, and indwelling catheters all remained associated with longer duration of immobility. Table 2 summarizes regressions for the association of immobility with mortality and functional outcomes controlling for other factors. Prefracture locomotion was a consistent predictor of mortality and all functional outcomes at 2 and 6 months. Dementia diagnosis and nursing home residence were consistently associated with all functional outcomes but not with mortality. Increased total immobility was associated with increased mortality at 6 months and with all functional outcomes at 2 months. In all cases (locomotion, self care, and transferring), the association of immobility with function attenuated between 2 and 6 months. Similar results were obtained when patients with immobility exceeding the 90th percentile were excluded. When patients with delirium or complications were excluded, the effect of immobility on function at 2 months was similar and significant. However, immobility was associated with worse locomotion (P=.002) and transferring (P=.001) at 6 months, and mortality effects were no longer significant.
IMMOBILITY AND OUTCOMES
The association of immobility with outcomes was mediated largely through its effect on postoperative immobility. In regression analyses examining the separate effects of preoperative and postoperative immobility, preoperative immobility was not associated with death or functional outcomes (at 2 or 6 months). In contrast, postoperative immobility was associated (PϽ.05 for all coefficients) with worsened 6-month survival and 2-month function (self-care, transferring, and locomotion) even after controlling for preoperative immobility. The greater strength of the association between postoperative immobility and outcomes may have been due to the greater magnitude and variability in postoperative (relative to preoperative) immobility. Predicted outcomes are given in Table 3 to quantify the magnitude of the effect in the entire cohort at the 10th (2.0 days), 50th (3.8 days), and 90th (8.2 days) percentile of total immobility. Compared with patients at the 90th percentile of immobility in adjusted analyses, patients at the 10th percentile had lower 6-month mortality (−5.4%; 95% confidence interval [CI], −10.9% to −1.0%), better FIM locomotion score (0.99 points; 95% CI, 0.3 to 1.7 points; range of scores, 2-14, with higher values indicating better function), but no significant difference in locomotion by 6 months (0.58 points; 95% CI, −0.3 to 1.4 points).
Compared with patients at the 90th percentile of immobility or greater, patients at the 10th percentile or less had better pain control (5.9% vs 40.0% reported having more than 3 days of moderate or severe pain; PϽ.001), 
SUBGROUP ANALYSES
We repeated the adjusted analyses to examine the effect of immobility on outcomes in 2 subgroups (Table 4) : patients who were either independent or using personal assistance or supervision for locomotion at baseline. The association of immobility with outcomes was in the expected direction in both subgroups at both time points. For more dependent patients, the difference in 6-month mortality between the 90th and 10th percentile of immobility was −17.1% (P = .004) and only 1.2% (P =.38) for more independent patients. For the more dependent patients, the association was significant (PϽ.03) for all functional outcomes at 2 months and larger than that observed among the more independent patients. The effect sizes were smaller in the independent subgroup and significant (P=.04) only for locomotion at 2 months, perhaps owing to the small sample size. For both subgroups, the association of immobility with function was not significant at 6 months.
COMMENT
We found that patients with a hip fracture experience on average more than 5 days of immobility in the hospital. Increased immobility was associated with higher mortality at 6 months and poorer function at 2 months. The difference in functional outcomes attenuated by 6 months as patients recovered function. The potentially adverse effect of immobility was strongest in patients more dependent in mobility at baseline. Finally, we found that increased immobility was associated with several potentially modifiable processes of care that represent opportunities to improve functional outcomes. Some processes of care in hip fracture have been shown to have no significant direct effect on outcomes but may have an effect on immobility. 12, 13 Other processes (eg, management of pain 9 ) have an association with outcomes perhaps, in part, through an effect on immobility. Although previous studies have examined the effects of these and other specific processes, to our knowledge no studies have previously examined the association of immobility per se with outcomes. Hence, we considered the association of immobility on outcomes, controlling for baseline characteristics at hospital arrival but not factoring in the processes of care occurring after hospitalization, whose effects on outcomes might be mediated through immobility.
This study was limited by its observational design. However, we used detailed clinical data to account for the baseline functional status of patients, whether they had dementia and/or the presence of other chronic medical conditions and whether the patients received assistance in the community or in nursing homes. We also accounted for other reasons for delayed mobilization. We used detailed clinical and laboratory data on abnormalities present on hospital admission that may have delayed surgery and increased immobility, considered the possible effects of complications, and took type of fracture and surgery into consideration. Although data from a randomized trial would be desirable, no randomized trial could ever be conducted that would assign patients with hip fracture to increased bed rest and immobility.
In addition, our study was limited by sample size for the subgroup analyses and for 6-month effects. Furthermore, the FIM had practical (self-report and proxy response feasibility) advantages for this study; however, the FIM does not explicitly include endurance, balance, and other detailed aspects of mobility. Hence, some of the trends observed in subgroup analyses and at 6 months may have been nonsignificant owing to power or to limitations in measurement. Some might argue that the outcome differences that we observed were statistically significant but relatively modest and short term. The 2-month adjusted FIM locomotion and transfer measures differed by only 1 point when comparing the 10th and 90th percentile of immobility. In the range of scores we observed, a 1-point change in these measures amounts to the difference between needing minimal personal assistance or just needing personal supervision with no assistance in walking 150 ft (45 m) or transferring. Faster and earlier recovery of function can have large implications for caregiving. For some patients, a 1-point difference on the FIM scale can be the difference between being able to go home or not depending on the availability of an able-bodied caregiver to provide the needed assistance.
Our results are clinically and biologically plausible and relevant. Early mobility enhanced early recovery, particularly in patients more dependent in mobility at baseline. We found that the more dependent subgroup was older and had greater comorbidity, suggesting that this subgroup was more vulnerable, had more limited homeostasis, and was more likely to benefit from early mobilization. Once mobilized, further mobilization in these patients may have been less in frequency and intensity. Given the frequency of intercurrent events and readmission 14 in patients with hip fracture, it also should not be surprising that the effect of immobility attenuated by 6 months. Indeed, we found that immobility was associated with 6-month function only when we excluded patients who developed intercurrent delirium and complications from the analysis. Although we observed considerable delay in surgery, there was much greater variation in postoperative delay; hence, it is not surprising that the effect of immobility was mediated largely by postoperative delay. The findings are also consistent with studies from other populations that have documented the deleterious effects of immobility on intermediate outcomes involving various organ systems. [1] [2] [3] [4] Finally, although length of stay continues to decrease, our findings remain relevant because the latest figures 15 indicate that length of stay has decreased by only 0.2 days from 1998 to 2002 16 in patients with hip fracture. These findings indicate that immobility should be minimized in patients with hip fracture. This can be achieved, in part, by early surgery for patients with stable medical problems and timely efforts to stabilize the other patients for surgery. 10 Because of potentially modifiable processes of care that can impair mobility, efforts should be made to improve pain management, reconsider the route of anesthesia, remove indwelling catheters early, and make adjustments (eg, heparin locks) for the immobilizing effects of postoperative transfusions. Consideration should be given to mobilizing patients and allowing them to bear weight as tolerated early in the postoperative course. Studies have shown that moving in bed and using a bedpan can generate forces across the hip approaching those resulting from ambulation, and early mobilization has been shown not to increase the rate of surgical revisions. 17 Changes in the financing and complexity of medical care have led to limited and sometimes overwhelmed staff in America's hospitals. 18 Under these circumstances, failing to get a patient with hip fracture out of bed can be a less visible omission in care. Our study documents, at least in patients with hip fracture and possibly in other vulnerable hospitalized patients, the deleterious effects of failing in this low technological act.
